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SUMMARY 


An  experimental  investigation  has  been  conducted  in  the  Langley  4-  by  7-Meter 
Tunnel  to  evaluate  the  effect  on  tunnel  background  noise  of  a  modification  to  the  jet 
exit  nozzle.  This  modification  included  the  installation  of  triangular  vanes  around 
the  perimeter  of  the  open-jet  nozzle  and  was  aimed  at  reducing  the  flow  pulsations 
typical  of  some  open-jet  wind  tunnels.  Although  these  vanes  were  effective  in  reduc¬ 
ing  flow  pulsations,  acoustic  measurements  in  and  out  of  the  tunnel  flow  indicated 
that  they  generated  significant  high-frequency  noise.  The  additional  noise  was 
attributed  to  the  generation  and  shedding  of  vorticity  by  the  vane  structure. 

During  a  subsequent  test  program,  modifications  were  made  to  the  vane  structure 
in  an  attempt  to  reduce  the  additional  background  noise.  The  results  of  this  test 
with  these  noise  reduction  modifications  verified  that  the  high-frequency  noise 
levels  could  be  greatly  reduced  without  sacrificing  the  flow  pulsation  reduction 
benefits.  The  noise  levels  measured  during  this  test  were  comparable  to  clear-tunnel 
background  noise  levels  in  this  facility;  however,  the  installation  of  these  vanes  in 
an  acoustic  tunnel  may  be  of  concern  because  the  noise  levels  from  the  vanes  could  be 
well  above  the  background  levels  in  a  quiet  facility. 


INTRODUCTION 

Many  open-jet  wind  tunnels  experience  a  phenomenon  often  described  as  pumping, 
surging,  or  pulsations  of  the  flow.  These  pulsations  are  typically  characterized  by 
periodic  low-frequency  velocity  and  pressure  variations  not  only  in  the  test  section 
but  throughout  the  tunnel  circuit.  These  pulsations  are  probably  created  by  the 
interaction  of  the  unstable  shear  layer,  formed  at  the  jet  exit,  with  acoustic  waves 
radiating  from  the  region  of  shear  layer  impingement  on  the  flow  collector.  In  some 
cases,  the  pulsations  have  been  of  sufficiently  large  amplitude  to  affect  the  struc¬ 
tural  integrity  of  the  facility  and  have  limited  the  operational  envelope  of  the 
facility.  In  the  case  of  the  Langley  4-  by  7-Meter  Tunnel,  these  pulsations  in  the 
open-tunnel  configuration  have  resulted  in  a  degradation  of  the  flow  quality.  In  the 
pulsating  environment,  measurements  can  be  compromised  because  of  the  unsteadiness  of 
the  flow  and  the  lack  of  stationarity  in  the  experimental  process. 

Facility  personnel  have  made  rigorous  attempts  to  reduce  these  pulsations  or 
eliminate  them  altogether  (refs.  1  and  2).  These  attempts  have  focused  on  modifi¬ 
cations  to  both  the  jet  exit  and  the  collector  at  the  entrance  to  the  first  diffuser. 
The  jet  exit  modifications  were  designed  to  introduce  random  turbulence  to  disrupt 
the  process  of  large-scale  vortex  creation  at  the  jet  exit.  Results  of  the  modifica¬ 
tions  to  the  jet  exit  are  reported  in  reference  1 .  These  results  showed  that  several 
devices  were  effective  in  diminishing  the  pulsation  content;  however,  because  of 
their  adverse  effects  on  power  requirements  and  tunnel  potential-core  size,  efforts 
are  continuing  on  modifications  to  the  collector  to  accomplish  similar  results.  Some 
of  the  most  recent  results  of  this  work  are  presented  in  reference  2. 

Since  the  facility  is  regularly  used  in  the  open-jet  configuration  for  acoustic 
research,  the  issue  of  tunnel  background  noise  was  important.  To  address  this  issue, 
a  test  program  was  conducted  to  acoustically  evaluate  two  of  the  most  promising 
pulsation  alleviation  devices  as  described  in  reference  1;  that  is,  triangular  vanes. 


SYMBOLS 


£  frequency,  Hz 

q  test  section  dynamic  pressure,  1/2  p(1 .68781^)^,  lb/ft^ 

SPL  sound  pressure  level,  dB  re  20  pPa 

SPLjj  normalized  sound  pressure  level,  SPL  -  60  log  V,  dB  re  20  pPa 
u  measured  mean  local  velocity,  ft/sec 

u  longitudinal  turbulence  (root-mean- square  (rms)  longitudinal  velocity 

fluctuations),  ft/sec 

Vmax  measured  maximum  mean  local  velocity,  ft/sec 

reference  free-stream  velocity,  knots 
X,Y,Z  rectangular  Cartesian  coordinate  axis  system,  ft 

x,y,z  distance  along  coordinate  axes,  ft 

W  test  section  width,  (21.75  ft) 

p  density,  slugs/ft3 


TUNNEL  DESCRIPTION 

Hie  Langley  4-  by  7-Meter  Tunnel  is  a  closed-circuit  atmospheric  wind  tunnel 
capable  of  test  section  velocities  up  to  200  knots.  The  test  section  walls  and  ceil¬ 
ing  can  be  raised  approximately  25  feet  above  the  floor  to  allow  an  open-jet  configu¬ 
ration  on  three  sides.  Most  of  the  data  presented  in  this  report  were  collected 
during  a  test  of  a  UH-1  helicopter  (hereafter  referred  to  as  the  UH-1  test),  and  some 
data  were  collected  during  a  later  program  with  a  UH-60  helicopter  (hereafter  re¬ 
ferred  to  as  the  UH-60  test).  Figure  1  shows  the  facility  in  the  open-jet  configura¬ 
tion  during  the  UH-1  test.  The  view  is  looking  downstream  from  the  jet  exit  toward 
the  collector.  The  rotor  model,  sting,  and  various  microphones  located  in  the  test 
section  can  be  seen.  Figure  2  shows  the  same  view  of  the  UH-60  test.  Table  I  con¬ 
tains  the  coordinates  of  the  pertinent  microphone  locations  for  the  UH-1  and  UH-60 
test  programs. 


Jet  Exit  Nozzle  Configurations 

h  total  of  six  modifications  to  the  jet  exit  configuration  were  aerodynamically 
evaluated  in  reference  1;  however,  only  two  of  these  six  were  selected  for  acoustic 
evaluation  in  this  report.  In  addition,  one  other  promising  vane  configuration  not 
reported  in  reference  1  was  selected.  Those  selected  from  reference  1,  designated  as 
configurations  5  and  6  in  that  report,  will  carry  the  same  designations  in  this 
report.  The  third  vane  reported  herein  will  be  referred  to  as  configuration  7. 

Figure  3  shows  a  photograph  of  the  test  section  during  the  UH-1  test  as  viewed 
from  the  collector  looking  upstream  at  the  jet  exit.  Vane  configuration  6  is  shown 
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installed  inside  the  lip  of  the  nozzle  exit.  The  vanes  were  mounted  on  lengths  of 
3-in-wide  steel  rail,  which  in  turn  were  mounted  to  small  sections  of  4-in.  steel 
I-beam.  The  entire  assembly  was  mounted  inside  the  nozzle,  just  upstream  of  the  jet 
exit.  The  vanes  were  triangular  in  shape  with  a  span  of  23.75  in.  and  a  chord  of 
5.7  in.,  and  were  bent  to  form  a  45°  flap.  (See  fig.  4.) 

The  vane  configuration  was  varied  by  alternating  the  vanes  into  and  out  of  the 
flow,  selectively  removing  certain  vanes,  or  pointing  the  vanes  alternately  upstream 
and  downstream.  Table  II  provides  a  summary  of  each  configuration  and  a  short 
description  of  the  vane  type  and  arrangement.  Figures  5,  6,  and  7  illustrate  the 
three  vane  configurations. 


Noise  Seduction  Modifications  to  Vanes 

Several  noise  reduction  modifications  to  the  vane  structure  were  implemented 
during  the  UH-60  test  program.  The  modifications  were  made  only  to  configuration  6, 
and  are  shown  in  figure  8.  A  thin  layer  of  open-cell  polyurethane  foam  was  glued  to 
the  downwind  surface  of  each  vane.  The  foam  was  shaped  to  have  a  smooth  junction 
with  the  structure  near  the  leading  edge  and  was  approximately  1  in.  thick  at  the 
trailing  edge.  This  foam  changed  the  noise  source  impedance  characteristics  and  thus 
reduced  the  radiation  efficiency.  To  make  the  structure  more  aerodynamically  stream¬ 
lined,  sections  of  a  wood  dowel  were  attached  to  the  blunt  leading  edge  of  the 
support  rails  to  create  a  rounded  leading  edge,  and  slender  triangular  lengths  of 
wood  were  attached  to  the  rail  trailing  edge.  All  bolt  holes,  protruding  hardware, 
and  sharp  corners  or  steps  were  filled  or  covered  with  clay  to  avoid  cavity  noise  or 
"whistles."  A  boundary  layer  trip  was  applied  near  the  leading  edge  of  the  steel 
rail  to  prevent  the  occurrence  of  the  coherent  vortex-shedding  noise  attributed  to 
laminar  boundary  layers. 


ACOUSTIC  INSTRUMENTATION  AND  DATA  REDUCTION 

The  acoustic  transducers  used  for  the  measurements  obtained  in  the  UH-1  investi¬ 
gation  were  0,50-in-diameter  microphones,  and  those  for  the  UH-60  test  were  0.25-in. 
microphones.  At  the  frequencies  presented  in  this  report,  the  microphone  size  dif¬ 
ference  created  only  negligible  differences  in  noise  measurements.  Those  microphones 
positioned  outside  the  flow  were  fitted  with  standard  wind  screens,  and  those  posi¬ 
tioned  inside  the  flow  were  fitted  with  standard  nose  cones.  Microphone  positions 
relative  to  the  rotor  hub  (with  the  model  positioned  at  0°  angle  of  attack)  are  pre¬ 
sented  in  table  I  and  are  shown  schematically  in  figures  9  and  10  (UH-1  and  UH-60 
tests,  respectively).  Comparisons  of  acoustic  data  from  the  UH-1  and  UH-60  tests 
will  be  made  for  comparable  microphone  locations. 

The  one-third-octave  data  presented  in  this  report  were  obtained  with  a  real¬ 
time  analyzer  at  a  digitizing  speed  of  80  000  samples  per  second.  Samples  of 
1024  points  were  ensemble  averaged  for  2  sec  to  obtain  the  one- third-octave  data. 

To  obtain  averaged  narrowband  spectra,  the  analog  data  tapes  from  both  tests  were 
digitized,  calibrated,  and  stored  on  digital  tape.  The  analog  data  were  low-pass 
filtered  at  one-half  the  sampling  rate  to  prevent  aliasing  in  the  digitizing  process. 
Computer  software  was  used  to  perform  a  fast  Fourier  transform  (FFT)  on  50  blocks  of 
data  and  average  the  FFT  results  to  obtain  an  average  spectrum.  This  approach 
yielded  an  estimated  accuracy  of  0.8  to  -0,7  dB  in  the  calculated  spectral  levels 
with  80  percent  confidence.  The  data  from  the  UH-1  tests  were  digitized  at  approxi¬ 
mately  44  000  samples  per  second.  The  FFT  block  size  was  2048  data  points,  and  the 


resulting  frequency  resolution  was  21.5  Hz.  Hie  data  from  the  UH-60  test  were  digi¬ 
tized  at  approximately  100  000  samples  per  second.  A  4096-point  FFT  was  used,  and 
the  frequency  resolution  w,.3  24.4  Hz.  The  narrowband  data  for  both  tests  presented 
here  have  been  corrected  for  bandwidth  and  are  referenced  to  a  21 .5-Hz  bandwidth. 


PRESENTATION  OF  RESULTS 

Dynamic-flow  measurements  from  the  baseline  tunnel  and  vane  configurations  5  and 
6  were  reported  in  detail  in  reference  1;  therefore,  only  summary  figures  will  be 
presented  herein.  Figure  11  presents  the  nondimensional  root-raean-square  (rms)  of 
the  longitudinal  velocity  fluctuations  in  the  open  test  section  as  a  function  of  the 
test  section  dynamic  pressure  for  the  baseline  and  three  vane  configurations.  These 
data  were  obtained  with  no  model  installed  and  at  a  location  nearly  two-thirds  of  the 
distance  from  the  jet  exit  to  the  collector.  The  baseline  tunnel  configuration 
exhibits  periodic  flow  pulsations  at  three  distinct  ranges  of  dynamic  pressure.  All 
three  vane  configurations  were  effective  in  reducing  the  flow  pulsation  except  at 
very  low  dynamic  pressures. 

The  vane  configurations  have  been  shown  to  be  effective  in  reducing  the  flow 
pulsation  problem;  however,  the  penalties  for  their  use  can  be  substantial.  A  poten¬ 
tial  problem  which  exists  with  these  vanes  is  that  they  can  decrease  the  size  of  the 
uniform-velocity  core  in  the  open  test  section.  Measurements  of  the  mean  velocity 
profile  were  obtained  in  the  open  test  section  at  the  model  location  (without  the 
model,  about  one-quarter  of  the  distance  from  the  jet  exit  to  the  collector)  and  are 
presented  in  reference  2.  (Velocity  profile  measurements  were  not  obtained  for 
configuration  5.)  Figure  12  presents  a  fairing  of  these  data  in  order  to  provide 
clarity.  The  information  in  figure  12  is  presented  as  local  mean  velocity  nondimen- 
sionalized  by  the  maximum  mean  velocity  as  a  function  of  lateral  position  in  the  test 
section.  Configuration  6  had  a  lesser  effect  on  the  core  size;  furthermore,  a  com¬ 
parison  of  figures  11  and  12  shows  that  the  more  effective  a  vane  configuration  is 
in  reducing  the  pulsations,  the  more  it  will  reduce  the  size  of  the  uniform  velocity 
core. 

Increased  background  noise  is  another  penalty  of  the  use  of  these  pulsation 
alleviation  devices.  The  vanes  are  typically  installed  in  the  highest  velocity 
portion  of  the  tunnel  and  very  near  the  test  section,  where  acoustic  research  tests 
are  normally  conducted.  In  this  light,  the  remainder  of  this  report  will  concentrate 
on  the  noise  generated  in  this  facility  by  these  vane  modifications.  The  background 
noise  data  acquired  in  the  baseline  tunnel  configuration  and  with  vane  configura¬ 
tions  5,  6,  and  7  are  presented  in  figures  13  to  18.  Symbols  are  used  on  every  other 
data  point  for  clarity.  Hie  organization  of  the  figures  is  given  below. 

Figure  13.  Tunnel  free-stream  velocity  effects,  microphone  no.  2 

(a)  Baseline 

(b)  Vane  configuration  5 

(c)  Vane  configuration  6 

(d)  Vane  configuration  7 

Figure  14.  Tunnel  free-stream  velocity  effects,  microphone  no.  3 

(a)  Baseline 

(b)  Vane  configuration  5 

(c)  Vane  configuration  6 

(d)  Vane  configuration  7 


Figure  15.  Tunnel  f ree-stream  velocity  effects,  microphone  no.  7 

(a)  Baseline 

(b)  Vane  configuration  5 

(c)  Vane  configuration  6 

(d)  Vane  configuration  7 

Figure  16.  Tunnel  free-stream  velocity  effects,  microphone  no.  9 

(a)  Baseline 

(b)  Vane  configuration  5 

(c)  Vane  configuration  6 

(d)  Vane  configuration  7 

Figure  17.  Example  of  the  normalization  results  obtained  from  data  on 
microphone  no.  7  with  vane  configuration  7 

Figure  18.  Comparison  of  normalized  sound  pressure  levels  as  affected  by  vane 
configuration 

(a)  Microphone  no.  2 

(b)  Microphone  no.  3 

(c)  Microphone  no.  7 

(d)  Microphone  no.  9 


DISCUSSION  OF  RESULTS 

The  data  presented  in  figures  13  to  16  show  the  effects  of  free-stream  velocity, 
with  and  without  the  vanes  installed,  on  typical  tunnel  background  noise  characteris¬ 
tics.  Note  that  with  the  vanes  installed,  the  sound  pressure  levels  between  6000  and 
12  000  Hz  increase  in  amplitude  with  increasing  speed  faster  than  those  at  the  lower 
frequencies.  (For  example,  see  fig.  13(d).)  The  frequency  content  of  these  in¬ 
creased  sound  pressure  levels  changes  with  changing  tunnel  velocity;  thus  this  excess 
noise  at  the  high  frequencies  exhibits  a  Strouhal  dependence.  The  Strouhal  frequency 
is  conventionally  obtained  by  the  equation: 


stv 


(1) 


where 

f 

V 

d 

S* 


frequency  of  vortex  shedding  tone,  Hz 
incident  velocity,  ft/sec 
characteristic  dimension,  ft 

Strouhal  number,  approximately  constant  at  <«0.2 


This  equation  shows  that  for  a  fixed  object  size,  an  increase  in  free-stream  velocity 
will  cause  the  frequency  of  the  Strouhal  shedding  noise  to  increase.  To  fully  appre¬ 
ciate  this  phenomenon,  a  discrete- frequency  analysis  should  be  used  instead  of  the 
one- third-octave  analysis  used  in  figures  13  to  16;  however,  since  the  primary  pur¬ 
pose  of  this  report  is  to  concentrate  on  the  evaluation  of  the  vane  configurations, 
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the  issue  of  Strouhal  shedding  effects  will  be  left  for  some  other  analysis.  Suffice 
it  to  say  that  at  those  frequencies  where  Strouhal  shedding  noise  exists,  a  simple 
power-law  scaling  will  not  normalize  the  effects  of  Strouhal  shedding  noise,  and  the 
normalizations  presented  in  this  report  will  therefore  have  substantial  variability 
at  the  higher  frequencies. 

Normalization  of  the  sound  pressure  levels  by  the  sixth  power  of  the  velocity  is 
a  well-accepted  method  of  normalizing  the  free-stream  velocity  effect: 


SPLjj  =  SPL  -  60  log  VM 


(2) 


However,  considering  the  previous  remarks,  the  Strouhal  frequency  shedding  noise 
cannot  be  so  simply  normalized,  and  the  resulting  normalization  will  possess  con¬ 
siderable  variability  in  these  frequency  regions.  A  sample  computation  of  this 
velocity  normalization  on  data  from  microphone  no.  7  is  presented  in  figure  17  for 
vane  configuration  7.  At  each  one-third-octave  band  center  frequency,  the  average  of 
the  square  of  the  normalized  sound  pressures  at  all  free-stream  velocities  was  com¬ 
puted.  These  values  were  converted  to  sound  pressure  levels  and  are  presented  as  the 
mean  SPL^.  The  maximum  and  minimum  variations  about  this  mean  at  each  one- third- 
octave  band  center  frequency  are  presented.  As  can  be  seen  in  figure  17,  in  the 
frequency  range  from  4  to  20  kHz  the  variability  of  the  normalized  sound  pressure 
level  about  the  mean  can  be  substantial,  and  care  should  be  taken  in  interpreting  the 
results  of  any  comparisons  involving  this  frequency  range.  However,  because  this 
variability  is  a  direct  result  of  the  vanes,  the  mean  should  be  considered  repre¬ 
sentative  of  the  vane  effect  on  the  background  noise  when  these  data  are  compared 
with  those  from  another  vane  configuration. 

Velocity-normalized  sound  pressure  levels  for  the  three  vane  configurations  are 
presented  in  figure  18  for  microphones  2,  3,  7,  and  9.  Both  in-flow  and  out-of-flow 
locations  exhibited  similar  tunnel  background  noise  characteristics;  that  is,  an 
increase  in  the  sound  pressure  levels  between  4  and  12  kHz.  This  high-frequency  flow 
noise  produced  by  the  vane  structure  is  due  to  the  same  generation  and  shedding  of 
vorticity  by  the  vane  structure  which  alleviates  the  flow  pulsation.  These  self¬ 
noise  mechanisms  are  explained  in  detail  in  references  3  and  4. 

Figure  18  shows  that  at  all  four  microphone  locations,  vane  configuration  6 
created  the  least  high-frequency  background  noise.  It  should  be  noted,  however,  that 
for  vane  configuration  6  the  mean  normalized  sound  pressure  levels  are  between  5  and 
10  dB  higher  than  the  baseline  tunnel  noise  levels  at  about  8  kHz.  Most  of  the 
acoustics  research  programs  conducted  in  this  facility  are  at  model  scales  for  which 
the  frequency  content  of  interest  is  in  the  range  from  100  to  20  000  Hz.  The  addi¬ 
tional  noise  of  these  vane  configurations  over  the  background  noise  of  the  baseline 
tunnel  could  make  acquisition  of  the  model  noise  impossible. 

Since  vane  configuration  6  was  identified  as  the  flow  improvement  device  having 
the  least  effect  on  the  test  section  velocity  core  (fig.  12)  and  the  least  detri¬ 
mental  effect  on  background  noise  levels  (fig.  18),  this  configuration  was  chosen  to 
be  used  during  the  subsequent  UH-60  test  program.  For  this  program,  however,  several 
noise  reduction  modifications  to  the  vane  structure  (fig.  8)  were  implemented  in  an 
attempt  to  minimize  the  increased  background  noise  levels.  The  results  of  the  noise 
reduction  modifications  are  shown  on  figure  19  for  three  locations  in  the  tunnel  flow 
at  a  free-stream  velocity  of  120  knots.  Narrowband  background  noise  spectra  were 
measured  during  the  UH-1  test  for  the  baseline  tunnel  and  vane  configuration  6,  and 
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ring  the  UH-60  test  for  modified  vane  configuration  6.  Although  the  measurement 
cations  are  not  exactly  the  same  for  each  test  (refer  to  table  I),  they  are  close 
ough  in  the  test  section  area  to  be  comparable.  The  spectra  created  by  the  un- 
dified  vane  structure  exhibit  two  large  amplitude  humps  near  6.5  and  10  kHz  at  all 
iree  locations.  These  humps  were  evident  in  the  one-third-octave-band  results  in 
ie  5-,  6.3-,  8-,  and  10-kHz  bands.  The  vane  modification  reduced  this  high- 
•equency  background  noise  to  levels  comparable  to  those  with  no  vanes  installed, 
ie  reductions  were  as  much  as  15  dB  at  6.5  kHz  and  20  dB  at  9.5  kHz.  Similar  noise 
•duct ion  results  were  observed  at  the  other  microphone  locations  (both  in  and  out  of 
le  flow)  at  a  range  of  tunnel  speeds,  although  the  largest  noise  reductions  occurred 
:  the  higher  tunnel  speeds  (80  to  120  knots). 

Although  measurements  of  the  velocity  pulsation  levels  in  the  test  section  were 
)t  made  after  the  vane  structure  was  modified,  on-line  observations  confirmed  that 
le  pulsation  problem  was  still  adequately  reduced.  Evidently,  the  noise  reduction 
edifications  are  an  effective  means  of  reducing  the  vane-induced  background  noise, 
ewever,  even  though  the  noise  levels  with  the  modifications  are  comparable  to  the 
iseline  noise  levels,  the  noise  produced  by  the  modified  vanes  is  not  negligible, 
ie  4-  by  7-Meter  Tunnel  was  not  designed  as  an  acoustic  facility  and  thus  has  fairly 
Lgh  background  noise  levels  in  comparison  with  those  of  dedicated  acoustic  test 
icilities .  Thus,  if  the  tunnel  itself  had  lower  background  noise  levels,  the 
asolute  noise  levels  created  by  the  modified  vanes  could  perhaps  be  more  easily 
sasured.  In  an  acoustic  facility  with  relatively  low  noise  levels,  the  vanes  might 
ncrease  the  background  noise. 


CONCLUSIONS 

Flow  pulsations  in  the  Langley  4-  by  7-Meter  Tunnel  have  been  experienced  in  the 
pen  test  section  configuration.  Passive  devices  using  triangular  vanes  at  the 
unnel  jet  exit  have  been  shown  to  be  effective  in  reducing  these  pulsations,  but  the 
anes  generate  high  levels  of  high-frequency  noise  which  is  thought  to  be  caused  by 
he  generation  and  shedding  of  vorticity  by  the  vane  structure.  These  noise  char- 
cteristics  make  the  basic,  unmodified  vanes  undesirable  for  conducting  research 
nvolving  noise  mechanisms  with  energy  content  in  high-frequency  bands. 

Modifications  were  made  to  the  vane  structure  in  an  attempt  to  reduce  the  unde- 
irable  effect  of  the  vanes  on  the  background  noise.  These  modifications  reduced  the 
ackground  noise  levels  to  that  of  the  tunnel  with  no  vanes  installed,  and  still 
educed  the  problem  of  tunnel  flow  pulsation.  Thus,  the  vanes  with  the  noise  reduc- 
ion  modifications  were  found  to  be  an  effective  means  of  reducing  the  vane-induced 
oise  in  this  particular  facility.  The  use  of  similar  vane  devices  to  eliminate  flow 
ulsations  in  other  open- jet  tunnels  should  be  carefully  evaluated  because  of  the 
otential  penalty  the  vanes  can  impose  on  the  background  noise  levels. 

The  4-  by  7-Meter  Tunnel  is  used  for  acoustic  research,  particularly  in  the 
pen-jet  configuration,  where  the  impact  of  the  increased  poise  caused  by  the  addi- 
ion  of  the  vanes  could  be  serious.  It  is  the  recommendation  of  the  authors  that 
ther  methods  of  reducing  the  tunnel  flow  pulsations  which  would  minimize  the  impact 
n  background  noise  levels  (i.e.,  flow  collector  redesign)  be  considered. 

ASA  Langley  Research  Center 
ampton,  VA  23665 
arch  20,  1985 
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TABLE  I.-  MICROPHONE  LOCATIONS  RELATIVE  TO  ROTOR  HUB 


(a)  UH-1  test 

[See  fig.  9  for  orientation] 


Microphone 

no. 

X,  ft 

y,  ft 

z,  ft 

2 

4.10 

6.71 

-1.88 

3 

9.71 

17.16 

-3.35 

5 

1 .92 

-6.38 

-1.96 

7 

12.27 

o 

-5.71 

8 

15.73 

-1.58 

-5.71 

9 

5.12 

-21 .67 

-4.29 

(b)  UH-60  test 

[See  fig.  10  for  orientation] 


Microphone 

no. 

x,  ft 

y,  ft 

z,  ft 

4 

13.48 

2.01 

-3.17 

9 

7.78 

8.63 

.37 

17 

-.02 

-7.24 

-5.25 

TABLE  II.-  JET  EXIT  CONFIGURATIONS 


Jet  exit  configuration 

Description 

Baseline 

Jet  exit  clear  (no  vanes). 

Vane  configuration  5 

Vanes  alternating  into  and  out  of  the  flow, 
all  vanes  pointing  downstream. 

Vane  configuration  6 

Every  other  vane  removed,  vanes  alternating 
into  and  out  of  the  flow,  all  vanes  pointing 
downstream. 

Vane  configuration  7 

Vanes  alternating  into  and  out  of  the  flow, 
vanes  oriented  into  the  flow  pointing 
upstream. 

L-8 3-408 

Figure  1 Langley  4-  by  7-Meter  Tunnel  test  section  during  UH-1  test.  View  looking  downstream 

from  jet  exit. 
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Effects  of  tunnel  free-stream  velocity  on  tunnel  background  noise  at  different 
frequencies  as  measured  by  microphone  no.  2  in  UH-1  test. 


Open-cell  polyurethane  foam 

Jet  exit 

•  Microphone  Number 

z 

1 

1 

y  ^ 

1  1 

.  *9 

•  4 

A 

•  17 

Fiberglass-filled  panels 

(a)  Side  view 


Microphone  Number 


Wind 

direction 


(b)  Top  view. 

Figure  10.-  Relative  positions  of  microphones,  model,  and  jet  exit 
modifications  in  4-  by  7-Meter  Tunnel  for  UH-60  test.  (Not  all 
microphone  positions  are  depicted  to  scale.) 


(a)  Side  view 


Microphone  Number 


(b)  Top  view. 


Figure  9.-  Relative  positions  of  microphones,  model,  and  jet  exit 
modifications  in  4-  by  7-Meter  Tunnel  for  UH-1  test.  (Not  all 
microphone  positions  are  depicted  to  scale.) 
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Figure  8.-  Triangular  vane  structure  with  noise  reduction  modifications 


(a)  Side  view.  (Dimensions  in  inches.) 


A*] 


(b)  View  looking  upstream  at  jet  exit  nozzle 
Figure  6.-  Jet  exit  vane  configuration  6. 


(b)  View  looking  upstream  at  jet  exit  nozzle. 


Figure  5.-  Jet  exit  vane  configuration  5 


Figure  4.-  Triangular  vane  struture  used  for  UH-1  test.  (Not  to  scale.) 


Figure  3.-  Langley  4-  by  7-Meter  Tunnel  test  section  during  UH-1  test  showing  jet  nozzle 

configuration  6. 


Langley  4-  by  7-Meter  Tunnel  test  section  during  UH-60  test.  View  looking 

downstream  from  jet  exit. 
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Effects  of  tunnel  free-stream  velocity  on  tunnel  background  noise  at  different 
frequencies  as  measured  by  microphone  no.  3  in  UH-1  test. 
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Effects  of  tunnel  free-stream  velocity  on  tunnel  background  noise  at  different 
frequencies  as  measured  by  microphone  no.  7  in  UH-1  test. 
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Effects  of  tunnel  free-stream  velocity  on  tunnel  background  noise  at  different 
frequencies  as  measured  by  microphone  no.  9  in  UH-1  test. 
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Extent  of  maximum  and  minimum  variations  In  SP 


Baseline 
Conf.  5 


Effects  of  vane  configurations  on  normalized  sound  pressure  levels  as  measured  by 
different  microphones  in  UH-1  test. 
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Figure  18.-  Continued 
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(c)  Microphone 


Baseline 
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Figure  18.-  Concluded 


(microphone  no.  5)  and  UH-60  test  (microphone 
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